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(57) ABSTRACT

The present invention relates to a process for preparing
naratriptan or a salt thereof, the process comprising: (a) react-
ing a compound of formula (3) with a compound of the
formula HCCR

Q)

wherein Z is a protecting group, Y is a leaving group and R is
a trialkyl silyl group, a trialkylstannyl group or a zinc (II)
halide, to obtain the compound of formula (4); (b) converting
the compound of formula (4) to a compound of formula (5)
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wherein 7' is hydrogen or a benzyl group; (c) converting the
compound of formula (5) to naratriptan; and (d) optionally
converting naratriptan to a salt thereof. The present invention
also provides novel compounds (3) and (4) and processes for
their preparation.
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PROCESS FOR THE SYNTHESIS OF
NARATRIPTAN

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a filing under 35 U.S.C. 371 of
International Application No. PCT/GB2010/001562 filed
Aug. 18, 2010, entitled “A Process for the Synthesis of
Naratriptan,” claiming priority of Indian Patent Application
No. 1931/MUM/2009 filed Aug. 20, 2009, which applica-
tions are incorporated by reference herein in their entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates to a process for the
synthesis of naratriptan or salts thereof. The invention further
relates to new intermediates, and processes for preparation
thereof, for use in the synthesis of naratriptan.

BACKGROUND AND PRIOR ART

[0003] Naratriptan belongs to a family of tryptamine based
drugs (triptans) used as selective (1B/1D) serotonin 5-hy-
droxytryptamine (5-HT) agonists. It is used in the treatment
of'migraine and cluster headaches. Its action is attributed to its
binding to serotonin 5-HT, z and 5-BT, , receptors in cranial
blood vessels (causing their constriction) and subsequent
inhibition of pro-inflammatory neuropeptide release. It acts
on serotonin receptors in nerve endings as well as the blood
vessels. This leads to a decrease in the release of several
peptides, including CGRP and substance P.
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Naratriptan

[0004] U.S. Pat. No. 4,997,841 discloses naratriptan, its
salts and several processes for its preparation. One of the
processes comprises reacting S-bromoindole with 1-meth-
ylpiperidin-4-one by means of KOH in methanol at room
temperature to give 5-bromo-3-(4-(hydroxy-1-methylpiperi-
din-4-yl)-1H-indole, which is condensed with N-methylvi-
nylsulfonamide by means of palladium acetate and tri-p-tolyl
phosphine in hot DMF to afford (E)-N-methyl-2-[3-(1-me-
thyl-1,2,3,6-tetrahydropyridin-4-yl)-1H-indol-5-yl|vinylsul-
fonamide. Finally, this compound is hydrogenated with H,
over Pd/C to obtain naratriptan.

[0005] In another process as described in U.S. Pat. No.
’841, if the reaction of 5-bromoindole with 1-methylpiperi-
din-4-one by means of KOH in methanol is carried out at
reflux temperature the resulting product is 5-bromo-3-(1-
methyl-1,2,3,6-tetrahydropyridin-4-yl)-1H-indole which is
further condensed with N-methylvinylsulfonamide as
described above to obtain naratriptan.

[0006] Another process disclosed in U.S. Pat. No. *841
comprises cyclization of 2-(4-hydrazinophenyl)-N-methyl-
ethanesulfonamide with 2-(1-methylpiperidin-4-yl)acetalde-
hyde by means of HCI in water.
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[0007] U.S. Pat. No. 5,786,473 describes a reaction of
5-bromoindole with N-methyl-4-piperidone to obtain
5-bromo-3-(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)-1H-
indole which is condensed with N-methylvinylsulfonamide
to afford N-methyl-2-[3-(1,2,3,6-tertahydro-1-methyl-4-py-
ridinyl)-1H-indol-5-yl]ethenesulfonamide which is reduced
under heterogeneous hydrogenation conditions to obtain
naratritpan.

[0008] WO2006010079 discloses the preparation of
naratriptan based on the Japp-Klingemann reaction as a key
step in building the indole moiety. The process comprises
diazotizing N-methyl-2-(4-aminophenyl)-ethane sulfona-
mide with methyl-2-acetyl-3-pyridyl propanoate under Japp-
Klingemann coupling to afford the corresponding hydrazone
compound which is cyclised in the presence of an acid to
afford methyl-5-methyl sulfamoylethyl-3-(4-pyridyl)-1H-2-
indole carboxylate. It is quaternized using methyl iodide to
obtain 1-methyl-4-(2-methoxy carbonyl-5-methyl sulfa-
moylethyl-1H-3-indolyl)pyridinium iodide followed by the
further steps of reduction, saponification and decarboxylation
to obtain naratriptan.

[0009] WO2008072257 teaches a process for the prepara-
tion of naratriptan comprising cyclizing 2-{[4-(2-methylsul-
famoyl-ethyl)-phenyl]-hydrazono}-propionic  acid  ethyl
ester to form 5-(2-methyl sulfamoyl-ethyl)-1-H-indole-2-
carboxylic acid ethyl ester which is hydrolyzed to form 5-(2-
methyl sulfamoyl-ethyl)-1-H-indole-2-carboxylic acid, fol-
lowed by decarboxylation to obtain 5-(2-methyl sulfamoyl-
ethyl)-1-H-indole. Further, this compound is condensed with
N-methyl-4-piperidone to obtain 2-[3-(1-methyl-1,2,3,6-tet-
rahydro-pyridin-4-yl)-1H-indole-5yl]ethanesulfonic ~ acid
methyl amide followed by reduction to obtain naratriptan.
[0010] Naratriptan is a highly potent anti-migraine agent
and there is a constant need for simpler and more industrially-
applicable processes for its preparation. The inventors of the
present invention aimed to develop such a process.

OBIECTS OF THE INVENTION

[0011] It is an object of the present invention to provide a
process for the synthesis of naratriptan.

[0012] It is another object of the present invention to pro-
vide novel key intermediates useful in the synthesis of
naratriptan.

SUMMARY OF THE INVENTION

[0013] According to a first aspect of the present invention,
there is provided a process for preparing naratriptan or a salt
thereof, the process comprising: (a) reacting a compound of
formula (3) with a compound of the formula HCCR
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wherein Z is a protecting group, Y is a leaving group and R is
a trialkyl silyl group, a trialkylstannyl group or a zinc (II)
halide, to obtain the compound of formula (4); (b) converting
the compound of formula (4) to a compound of formula (5)
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wherein 7' is hydrogen or a benzyl group, (¢) converting the
compound of formula (5) to naratriptan; and (d) optionally
converting naratriptan to a salt thereof.
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[0014] The salts of naratriptan are well known to those

skilled in the art, as are the processes for preparing the salt
from naratriptan. In an embodiment, the salt is the HCI salt.
The HCl salt may be obtained by reacting the naratriptan with
hydrochloric acid in a suitable solvent, such as methanol. The
hydrochloric acid may be in the form of aqueous hydrochloric
acid.

[0015] Inan embodiment, the coupling reaction in step (a)
is carried out by a Sonogashira reaction. The Sonogashira
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coupling involves coupling of the terminal alkyne of formula
HCCR with compound (3) in the presence of a palladium
catalyst, a copper (I) cocatalyst, and an amine base. The
amine base may be triethyl amine, N,N-diisopropylethyl
amine, diethylamine or trimethylamine. Preferably, the
amine base is triethyl amine.

[0016] R may be a trialkyl silyl group. The alkyl may be a
C,-C; alkyl group, and all three alkyl groups may be the same
or different. The alkyl group may be methyl, ethyl, propyl
(i-propyl or n-propyl), butyl (t-butyl or n-butyl), pentyl or
hexyl. For example, R may be ethyl dimethyl silyl, trimethyl
silyl, triethyl silyl or diethyl methyl silyl.

[0017] R maybe Sn(alkyl);. The alkyl may beaC,-C alkyl
group, and all three alkyl groups may be the same or different.
The alkyl group may be methyl, ethyl, propyl (i-propyl or
n-propyl), butyl (t-butyl or n-butyl), pentyl or hexyl. For
example, R may be thyl dimethyl stannyl, diethyl methyl
stannyl or trimethyl stannyl.

[0018] R may bea zinc (I) halide, wherein halide is chloro,
bromo or iodo. In an embodiment, R is —ZnBr.

[0019] The compound HCCR is a terminal alkyne having
the formula.

T

[0020] The R group corresponds to the R group on com-
pound (4). The compound HCCR is preferably selected from
the group consisting of ethyl (ethynyl)dimethyl silane, trim-
ethyl acetylene silane, triethyl (ethynyl) silane, diethyl(ethy-
nyl)methyl silane, ethyl (ethynyl)dimethyl stannane, diethyl
(ethynyl)methyl stannane, (ethynyl) trimethyl stannane and
ethynyl zinc (II) halide. The corresponding R groups are ethyl
dimethyl silyl, trimethyl silyl, triethyl silyl, diethyl methyl
silyl, ethyl dimethyl stannyl, diethyl methyl stannyl, trim-
ethyl stannyl and zinc (II) halide, respectively.

[0021] In an embodiment, Z is selected from the group
consisting of acetyl, trifluoroacetyl, BOC (tert-butyloxycar-
bonyl), benzoyl, benzyloxy carbonyl (CBZ) and benzyl.
[0022] In an embodiment, Y is selected from the group
consisting of chloro, bromo, iodo, OTT (triflate) and OTs
(tosylate), preferably iodo.

[0023] In an embodiment, step (a) is carried out in the
presence of a base, which may typically be an organic or an
inorganic base. The inorganic base may be selected from
potassium hydroxide, sodium hydroxide, calcium hydroxide,
potassium carbonate, sodium carbonate, calcium carbonate,
sodium bicarbonate, calcium carbonate, potassium carbon-
ate, potassium ethoxide and sodium ethoxide. The organic
base may be selected from pyridine, triethyl amine or N,N-
diisopropylethyl amine, piperidine, diethylamine and trim-
ethylamine. Preferably, the base is an organic base, most
preferably triethyl amine.

[0024] In an embodiment, step (a) is carried out in the
presence of a palladium-phosphine complex and optionally in
the presence of a copper (I) halide and lithium halide. Pref-
erably, the Pd-phosphine complex is tetrakistriphenylphos-
phine Pd(0).

[0025] In an embodiment, step (a) is carried out in the
presence of a palladium-phosphine complex and a copper (1)
halide and lithium halide. Preferably, the halide salt of copper
is copper (I) iodide and that of lithium is chloride.

[0026] The solvent used for the step (a) is typically a polar
solvent selected from water, acetone, acetonitrile, ethyl
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acetate, N,N-dimethylformamide, N-methylpyrrolidone,
dimethylsulfoxide, sulfolane, a C,_4 alcohol, tetrahydrofuran
and an ether, such as diisopropy] ether or ethyl methyl ether.
Preferably, the solvent is N,N-dimethylformamide.

[0027] In an embodiment, the process is carried out at a
temperature ranging from 0° C. to the reflux temperature of
the solvent used; preferably the reaction is carried out at a
temperature ranging from 25° C. to 30° C.

[0028] In an embodiment, compound (4) is isolated, for
example by using a solvent such as heptane, hexane, diiso-
propyl ether, water, ethyl acetate, toluene or xylene, most
preferably heptane.

[0029] The conversion of compound (4) to compound (5)
may proceed via direct conversion without isolation of any
intermediate compounds. For example, when R is trialkylisi-
lyl, the conversion may comprise desilylation of the R group,
deprotection of the Z group and cyclisation to compound (5),
all in one step. Alternatively, the conversion may comprise
desilylation of the R group, with or without isolation of the
desilylated intermediate compound, followed by simulta-
neous deprotection of the Z group and cyclisation. When both
Z and 7' are benzyl groups, there is no need for deprotection
of the Z group, so the conversion may comprise desilylation
of'the R group and cyclisation in one step or in separate steps.
[0030] Inanembodiment, Z is a protecting group other than
benzyl, 7' is hydrogen and the conversion of compound (4) to
compound (5) comprises deprotection of group Z and cycli-
sation. Suitably, the deprotection is carried out using tetrabu-
tylammonium halide or an acid selected from acetic acid,
trifluoroacetic acid, dilute sulfuric acid, dilute hydrochloric
acid and dilute nitric acid. The cyclisation is typically carried
outin the presence of abase and a solvent to obtain compound
(5). The cyclisation may proceed through the following inter-
mediate compound (4b) which may be optionally isolated,

o o (4b)
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wherein Z" is acetyl, trifluoroacetyl, BOC (tert-butyloxycar-
bonyl), benzoyl and benzyloxy carbonyl benzyl.

[0031] The base used for the cyclisation is typically an
organic or an inorganic base. The inorganic base may be
selected from potassium hydroxide, potassium tert-butoxide,
sodium hydroxide, sodium methoxide, sodium ethoxide, cal-
cium hydroxide, potassium carbonate, sodium carbonate or
calcium carbonate. The organic base may be selected from
pyridine, triethyl amine, N,N-diisopropylethyl amine, piperi-
dine, diethylamine, trimethylamine, guanidine and lithium
diisopropyl amide. Preferably, the base is potassium hydrox-
ide.

[0032] The solvent used for the cyclisation may be selected
from dichloromethane, ethylene dichloride, toluene, ben-
zene, xylene, ethyl acetate, sulfolane, dimethylacetamide,
dimethylsulfoxide, N,N-dimethylformamide, N-methylpyr-
rolidone, diglyme, heptane, hexane, a C,  alcohol, diethyl
ether, diisopropyl ether, diethyl ether or mixtures thereof,
most preferably N-methylpyrrolidone.

[0033] In an embodiment, the process is carried out at a
temperature ranging from 0° C. to the reflux temperature of
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the solvent used. Suitably, the temperature ranges from 20° C.
to the reflux temperature, preferably from 50° C. to 90° C.,
more preferably from 70° C. to 90° C. Most preferably, the
temperature ranges from 80° C. to 90° C.

[0034] Inanembodiment, Z is benzyl and 7' is benzyl, and
the conversion of compound (4) to compound (5) comprises
cyclising compound (4) in the presence of a base and a sol-
vent.

[0035] The base used for the cyclisation may be selected
from The base may be selected from potassium hydroxide,
potassium tert-butoxide, sodium hydroxide, sodium methox-
ide, sodium ethoxide, calcium hydroxide, potassium carbon-
ate, sodium carbonate or calcium carbonate. Preferably, the
base is potassium tert-butoxide.

[0036] Compound (5) may be isolated by treating with a
solvent such as ether, diisopropyl ether, diethylether, t-butyl
methyl ether, a C, ¢ alcohol, water, toluene, xylene, ethyl
acetate, heptane or hexane.

[0037] In an embodiment, conversion of compound (5) to
naratriptan comprises reacting compound (5) with N-methyl-
4-piperidone to form a compound of formula (6) and convert-
ing compound (6) to naratriptan.
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[0038] In an embodiment, the conversion is carried out in
the presence of either a base such as KOH, potassium ter-
butoxide or sodium hydride or in the presence of a trihalo-
acetic acid such as trifluoroacetic acid or trichloroacetic acid.
[0039] Typically, the conversion is carried out via an Aldol
condensation to obtain the corresponding condensation prod-
uct of formula (6). Optionally, the compound of formula (6) is
isolated.

[0040] The solvent used for the conversion is typically
methylated spirit, methanol, ethanol, isopropanol dimethyl-
sulfoxide, N,N-dimethylformamide or N-methylpyrrolidone
or mixtures thereof, preferably methanol.

[0041] The condensation is typically carried out at the
reflux temperature of the solvent used.

[0042] In an embodiment, compound (6) is reduced either
by catalytic hydrogenation or by organic reduction to obtain
naratriptan which may be optionally converted to its salt.
[0043] In an embodiment, Z' is hydrogen and the conver-
sion of compound (6) to naratriptan comprises catalytic
hydrogenation in the presence of a catalyst selected from the



US 2012/0220778 Al

group consisting of palladium, palladium hydroxide, palla-
dium on activated carbon, palladium on alumina, platinum,
platinum on activated carbon, ruthenium, rhodium and Raney
nickel.

[0044] The solvent used for the hydrogenation is typically
selected from methanol, ethanol, isopropyl alcohol, dioxane,
N,N-dimethylformamide, diethyl ether, diisopropyl ether,
t-butyl methyl ether, tetrahydrofuran, ethyl acetate, methyl-
ene chloride, ethylene chloride or mixtures thereof, prefer-
ably methanol.

[0045] The source of hydrogen is hydrogen gas. The reduc-
tion reaction is typically carried out at a hydrogen gas pres-
sure ranging from about 25 psi to about 80 psi (from about
170 kPa to about 550 kPa), preferably from about 55 psi to
about 60 psi (from about 380 kPa to about 410 kPa).

[0046] Alternatively, when 7' is hydrogen, the reduction of
compound (6) may be carried out by organic reduction. The
organic reduction may be carried out treating the compound
(6) with a trialkyl silane, preferably triethyl silane.

[0047] Inanembodiment, Z'is benzyl and the conversion of
compound (6) to naratriptan comprises organic reduction.
The organic reduction may be carried out by treating the
compound (6) with a trialkyl silane, preferably triethyl silane.
[0048] The solvent used for the organic reduction is typi-
cally a non-polar solvent such as xylene, toluene, N,N-dim-
ethylformamide, N-methylpyrrolidone or mixtures thereof,
most preferably toluene.

[0049] In an embodiment, the organic reduction is carried
out at a temperature ranging from -20° C. to the reflux tem-
perature of the solvent.

[0050] Inanembodiment, compound (6) is first reduced by
organic reduction in situ to obtain compound (7) which fur-
ther undergoes catalytic hydrogenation to obtain naratriptan.
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[0051] According to another aspect of the present inven-
tion, there is provided a compound of formula (3)
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wherein Z is selected from the group consisting of acetyl,
trifluoroactyl, BOC, benzoyl, benzyloxy carbonyl and ben-
zyl, and Y is selected from the group consisting of chloro,
bromo, iodo, OTT (triflate) and OTs (tosylate). In an embodi-
ment, 7 is benzyl. In an embodiment, Y is iodo.

[0052] According to another aspect of the present inven-
tion, there is provided the use of compound (3) in a process for
preparing naratriptan or a salt thereof.

[0053] According to another aspect of the present inven-
tion, there is provided a process for preparing a compound of
formula (3) comprising reacting a compound of formula (2)
with an N-protecting agent corresponding to the protecting
group 7.
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[0054] Inan embodiment, the N-protecting agent is an ali-

phatic or an aromatic compound. The agent may be selected
from the group consisting of acetic anhydride, trifluoroacetic
anhydride, trifluoroacetyl chloride, BOC-anhydride, benzy-
loxy carbonyl chloride, benzoyl chloride and benzyl chloride
optionally-substituted, for example with a group selected
from methoxy, tosylate or a halide such as chloro.

[0055] Preferably, the aliphatic N-protecting agent is acetic
anhydride. Preferably, the aromatic N-protecting agent is
benzyl chloride.

[0056] Suitably, the process is carried out in the presence of
a solvent selected from dichloromethane, a C,_ alcohol, eth-
ylene dichloride, toluene, benzene, xylene, ethyl acetate, sul-
folane, dimethylacetamide, dimethylsulfoxide, N,N-dimeth-
ylformamide, N-methylpyrrolidone, diglyme or mixtures
thereof. Preferably, the solvent is dichloromethane.

[0057] The process is typically carried out at a temperature
ranging from 0° C. to the reflux temperature of the solvent
used, preferably at a temperature ranging from 25° C. to
30° C.
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[0058] In an embodiment, the compound of formula (3) is
isolated, for example using a solvent such as hexane, heptane
ora C, 4 alcohol.

[0059] In an embodiment, the compound of formula (2) is
prepared by reacting a compound of formula (1) with a
reagent that generates the leaving group Y.
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[0060] The reagent may be selected from N-chlorosuccin-

imide, chlorine, bromine, potassium bromide, N-bromosuc-
cinimide, iodine, potassium iodide, iodine monochloride, tri-
flic acid and p-toluene sulphonic acid.

[0061] The reaction may be carried out in the presence of a
base; typically an organic or an inorganic base. The inorganic
base may be selected from potassium hydroxide, sodium
hydroxide, calcium hydroxide, potassium carbonate, sodium
carbonate, calcium carbonate and sodium bicarbonate. The
organic base may be selected from pyridine, triethyl amine,
N,N-diisopropylethyl amine, piperidine, diethylamine and
trimethylamine. Preferably, the base is sodium bicarbonate.

[0062] Typically, a solvent for use in the reaction is dichlo-
romethane, ethyl acetate, toluene, xylene, tetrahydrofuran,
2-methyltetrahydrofuran, sulfolane, dimethylacetamide,
dimethylsulfoxide, N-methylpyrrolidone, diglyme, or mix-
tures thereof, most preferably dichloromethane.

[0063] Typically, the process is carried out at a temperature
ranging from 0° C. to the reflux temperature of the solvent
used; preferably the reaction is carried out at a temperature
ranging from 25° C. to 30° C.

[0064] In an embodiment, compound (2) is isolated, for
example by treating with a solvent such as hexane, heptane,
pentane, water, ethyl acetate, toluene, xylene, cyclohexane or
mixtures thereof, preferably heptane is used.

[0065] The process for preparing naratriptan or salts
thereof, as described above, may comprise preparing com-
pound (3) as described above.

[0066] According to another aspect of the present inven-
tion, there is provided a compound of formula (4)
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wherein Z is selected from the group consisting of acetyl,
trifluoroactyl, BOC, benzoyl, benzyloxy carbonyl and ben-
zyl, and R is selected from the group consisting of trimethyl-
silyl, —Sn(Bu), or —ZnBr. In an embodiment, Z is benzyl.

[0067] According to another aspect of the present inven-
tion, there is provided a process for preparing a compound of
formula (4), the process comprising reacting a compound of
formula (3) with a compound of the formula HCCR
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wherein Z is selected from the group consisting of acetyl,
trifluoroactyl, BOC, benzoyl, benzyloxy carbonyl and ben-
zyl,Y is a leaving group and R is trimethylsilyl, —Sn(Bu); or
—ZnBr.

[0068] In an embodiment, Y is selected from the group
consisting of chloro, bromo, iodo, OTT (triflate) and OTs
(tosylate), preferably iodo.

[0069] In an embodiment, the reaction is carried out by a
Sonogashira reaction. The Sonogashira coupling involves
coupling of the terminal alkyne of formula HCCR with com-
pound (3) in the presence of a palladium catalyst, a copper (1)
cocatalyst, and an amine base. The amine base may be triethyl
amine, N,N-diisopropylethyl amine, diethylamine or trim-
ethylamine. Preferably, the amine base is triethyl amine.
[0070] In anembodiment, the reaction is carried out in the
presence of a base, which may typically be an organic or an
inorganic base. The inorganic base may be selected from
potassium hydroxide, sodium hydroxide, calcium hydroxide,
potassium carbonate, sodium carbonate, calcium carbonate,
sodium bicarbonate, calcium carbonate, potassium carbon-
ate, potassium ethoxide and sodium ethoxide. The organic
base may be selected from pyridine, triethyl amine or N,N-
diisopropylethyl amine, piperidine, diethylamine and trim-
ethylamine. Preferably, the base is an organic base, most
preferably triethyl amine.

[0071] In an embodiment, the reaction is carried out in the
presence of a palladium-phosphine complex and optionally in
the presence of a copper (I) halide and lithium halide. Pref-
erably, the Pd-phosphine complex is tetrakistriphenylphos-
phine Pd(0).

[0072] In anembodiment, the reaction is carried out in the
presence of a palladium-phosphine complex and a copper (1)
halide and lithium halide. Preferably, the halide salt of copper
is copper (I) iodide and that of lithium is chloride.

[0073] Thesolventusedis typically a polar solvent selected
from water, acetone, acetonitrile, ethyl acetate, N,N-dimeth-
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ylformamide, N-methylpyrrolidone, dimethylsulfoxide, sul-
folane, a C,_ alcohols, tetrahydrofuran and an ether, such as
diisopropyl ether or ethyl methyl ether. Preferably, the solvent
is N,N-dimethylformamide.

[0074] In an embodiment, the process is carried out at a
temperature range from 0° C. to the reflux temperature of the
solvent used; preferably the reaction is carried out at a tem-
perature ranging from 25° C. to 30° C.

[0075] In an embodiment, compound (4) is isolated, for
example by using a solvent such as heptane, hexane, diiso-
propyl ether, water, ethyl acetate, toluene or xylene, most
preferably heptane.

[0076] The process for preparing compound (4), as
described above, may further comprise preparing compound
(3) as described above.

[0077] According to another aspect of the present inven-
tion, there is provided the use of compound (4) in a process for
preparing naratriptan or a salt thereof.

[0078] Certainembodiments of compounds (2), (5), (6) and
(7) are advantageous, for example because they are preferred
compounds for use in the process for preparing naratriptan as
described above. These preferred compounds are discussed
below.

[0079] According to another aspect of the present inven-
tion, there is provided a compound of formula (2), wherein Y
is iodo. This compound shall be referred to as compound (2a).
According to another aspect of the present invention, there is
provided the use of compound (2a) in a process for preparing
naratriptan or a salt thereof. The process may involve the
process described above.

(22)

0 0
\\S// )
\N/
i1

NH,

[0080] According to another aspect of the present inven-
tion, there is provided a compound of formula (5), wherein 7!
is benzyl. This compound shall be referred to as compound
(5b). According to another aspect of the present invention,
there is provided the use of compound (5b) in a process for
preparing naratriptan or a salt thereof. The process may
involve the process described above.

o o (5b)
W4
N
i N\
N
\
Bn

[0081] According to another aspect of the present inven-
tion, there is provided a compound of formula (6), wherein 7!
is benzyl. This compound shall be referred to as compound
(6a). According to another aspect of the present invention,
there is provided the use of compound (62) in a process for
preparing naratriptan or a salt thereof. The process may
involve the process described above.
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(6a)

Z\

o 0 \

N/
N
¥ N\
N
\
Bn

[0082] According to another aspect of the present inven-
tion, there is provided a compound of formula (7), wherein 7!
is benzyl. This compound shall be referred to as compound
(7a). According to another aspect of the present invention,
there is provided the use of compound (7a) in a process for
preparing naratriptan or a salt thereof. The process may
involve the process described above.

(7a)

!

o, 0
N/
N
¥ N\
N
\
Bn

[0083] According to another aspect of the present inven-
tion, there is provided naratriptan prepared by a process
described above.

[0084] According to another aspect of the present inven-
tion, there is provided naratriptan prepared by a process
described above for use in medicine.

[0085] According to another aspect of the present inven-
tion, there is provided the use of naratriptan prepared by a
process described above for use in the manufacture of a medi-
cament for treating migraine or cluster headaches.

[0086] According to another aspect of the present inven-
tion, there is provided a method of treating migraine or cluster
headaches in a patient in need thereof comprising adminis-
tering to said patient naratriptan prepared by a process
described above.

DETAILED DESCRIPTION OF THE INVENTION

[0087] Naratriptan contains an indole moiety in its struc-
tural formula. The present invention provides an indole
derivative as an important intermediate of naratriptan. It is
represented as follows as the compound of formula (5).

o o ®
\\S//
\N/

b A\

N—=zZ

(5a) when Z'—H

or

(5b) when Z'=benzyl group

[0088] In an embodiment, there is provided a process for
preparing a compound of formula (5) as described in
Scheme I.
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Y

NH,

Wherein Y = Cl, Br, I, OTf, OTs

\/ N/

o 0
S S Y
H H
Il\IH NH

Z
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Wherein R = trimethylsilyl, ——Sn(Bu);, ——ZnBr

zZ
(©)

Z = Protecting group such as acetyl,

trifluoro acetyl, BOC, benzoyl, CBZ,

l

O,

\V4

O
S
\N/
H —_—
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o, 0
W4

\N/
H

N

N—

®)

(5a) when Z' = H
or
(5b) when Z' = benzyl group

[0089] In an embodiment, there is provided a process for
the preparation of compound (2) comprising treating a com-
pound of formula (1) with a suitable reagent that generates a
suitable leaving group Y.

o o ()]
\\S// v
~ N
i1

NH,

[0090] The suitable reagent may be selected from N-chlo-
rosuccinimide, chlorine, bromine, potassium bromide,
N-bromosuccinimide, iodine, potassium iodide, iodine
monochloride, triflic acid and p-toluene sulphonic acid.

benzyl group
N/
N
H
Naratriptan
[0091] The suitable reagent generates a desired leaving

group Y such as Cl, Br, 1, OTf (triflate), OTs (tosylate). The
preferable leaving group is iodo (1).

[0092] The base used may be an organic or an inorganic
base. The inorganic base is selected from potassium hydrox-
ide, sodium hydroxide, calcium hydroxide, potassium car-
bonate, sodium carbonate, calcium carbonate, sodium bicar-
bonate. The organic base may be selected from pyridine,
triethyl amine, N,N-diisopropylethyl amine, piperidine,
diethylamine or trimethylamine. The preferable base is
sodium bicarbonate.

[0093] The suitable solvent used may be dichloromethane,
ethyl acetate, toluene, xylene, tetrahydrofuran, 2-methyltet-
rahydrofuran, sulfolane, dimethylacetamide, dimethylsul-
foxide, N-methylpyrrolidone, diglyme, or mixtures thereof,
most preferably dichloromethane.
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[0094] Typically, the process is carried out at a suitable
temperature in the range of 0° C. to the reflux temperature of
the solvent used; preferably the reaction is carried out at
25-30° C.

[0095] The compound of formula (2) can be optionally
isolated for example by treating with a solvent such as hex-
ane, heptane, pentane, water, ethyl acetate, toluene, xylene,
cyclohexane or mixtures thereof, preferably heptane is used.
[0096] Inanembodiment of the present invention, the com-
pound of formula (2) is treated with a suitable N-protecting
agent to obtain a novel compound of formula (3).

(©)

o\\S //o .
~ N~
i1
NH
I
z

[0097] The suitable N-protecting agent may be selected
from a group of aliphatic or aromatic compounds such as
acetic anhydride, trifluoroacetic anhydride, trifluoroacetyl
chloride, BOC-anhydride, benzyloxy carbonyl chloride, ben-
zoyl chloride, benzyl chloride optionally substituted with
groups such as chloro, methoxy, tosylate. The preferable ali-
phatic N-protecting agent is acetic anhydride and preferable
aromatic N-protecting agent is benzyl chloride.

[0098] Z is the protecting group such as acetyl, trifluoroac-
tyl, BOC, benzoyl, benzyloxy carbonyl, benzyl group derived
from the corresponding protecting agents.

[0099] Suitably, the process is carried out in the presence of
a solvent selected from dichloromethane, C, 4 alcohols, eth-
ylene dichloride, toluene, benzene, xylene, ethyl acetate, sul-
folane, dimethylacetamide, dimethylsulfoxide, N,N-dimeth-
ylformamide, N-methylpyrrolidone, diglyme or mixtures
thereof, preferably dichloromethane.

[0100] The process is carried out at a suitable temperature
in the range of 0° C. to the reflux temperature of the solvent
used, preferably at a temperature range of 25-30° C.

[0101] The compound of formula (3) can be isolated using
a solvent such as hexane, heptane and C, ¢ alcohols.

[0102] In an embodiment, the compound of formula (2) is
prepared by the process described herein above.

[0103] In another embodiment of the present invention,
there is provided a process for preparation of a novel com-
pound of formula (4).

Q)

o o
\\s//
RN X R
H
NH
z

Aug. 30, 2012

[0104] The process comprises treating the compound (3)
with a compound having a terminal alkyne group represented
by following structure to obtain the compound of formula (4).

s

Wherein R=trimethylsilyl, —Sn(Bu),, —ZnBr

[0105] Typically, the coupling reaction is carried out by a
Sonogashira reaction.
[0106] The suitable coupling agent may be selected from

terminal alkynes such as ethyl (ethynyl)dimethyl silane, tri-
methylsilyl acetylene, triethyl (ethynyl) silane, diethyl(ethy-
nyl)methyl silane, ethyl (ethynyl)dimethyl stannane, diethyl
(ethynyl)methyl stannane, (ethynyl) trimethyl stannane,
ethynyl zinc (II) halide, most preferably, trimethylsilyl acety-
lene.

[0107]
base. The inorganic base is selected from potassium hydrox-

The base used may be an organic or an inorganic

ide, sodium hydroxide, calcium hydroxide, potassium car-
bonate, sodium carbonate, calcium carbonate, sodium bicar-
bonate, calcium carbonate, potassium carbonate, potassium
ethoxide, sodium ethoxide. The organic base may be selected
from pyridine, triethyl amine or N,N-diisopropylethyl amine,
piperidine, diethylamine, trimethylamine. The preferable
base is an organic base, most preferably triethyl amine.

[0108]
presence of Palladium (Pd)-phosphine complex and option-

Typically, the coupling reaction takes place in the

ally in the presence of a copper (I) halide and lithium halide.

[0109] The preferable Pd-phosphine complex is tetraki-
striphenylphosphine Pd(0).
[0110] Preferable halide salt of copper is copper (I) iodide

and that of lithium is chloride.

[0111] The solvent used for the coupling is a polar solvent
selected from water, acetone, acetonitrile, ethyl acetate, N,N-
dimethylformamide, N-methylpyrrolidone, dimethylsulfox-
ide, sulfolane, C, ¢ alcohols, tetrahydrofuran, ethers such as
diisopropyl ether, ethyl methyl ether, preferably N,N-dimeth-
ylformamide.

[0112] The process is carried out at a suitable temperature
in the range of 0° C. to the reflux temperature of the solvent
used; preferably the reaction is carried out at 25-30° C.

[0113] The compound (4) can be isolated for example by
using a solvent such as heptane, hexane, diisopropyl ether,
water, ethyl acetate, toluene or xylene, most preferably hep-
tane.

[0114] In an embodiment, the compound of formula (4) is
further cyclised by the process as represented in Scheme 11
below. The compound (4) is deprotected using tetrabutylam-
monium halide or an acid such as acetic acid, trifluoroacetic
acid, dilute sulfuric acid, dilute hydrochloric acid, dilute
nitric acid to obtain compound (4a) which is then cyclised in
the presence of a base and a solvent to obtain compound (5).
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Scheme II
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[0115] The base used may be an organic or an inorganic
base. The inorganic base is selected from potassium hydrox-
ide, potassium tert-butoxide, sodium hydroxide, sodium
methoxide, sodium ethoxide, calcium hydroxide, potassium
carbonate, sodium carbonate, calcium carbonate. The organic
base may be selected from pyridine, triethyl amine or N,N-
diisopropylethyl amine, piperidine, diethylamine, trimethy-
lamine, guanidine, lithium diisopropyl amide. The preferable
base is potassium hydroxide.

[0116] The suitable solvent used may be selected from
dichloromethane, ethylene dichloride, toluene, benzene,
xylene, ethyl acetate, sulfolane, dimethylacetamide, dimeth-
ylsulfoxide, N,N-dimethylformamide, N-methylpyrrolidone,
diglyme, heptane, hexane, C,_ alcohol, diethy] ether, diiso-
propyl ether, diethyl ether or mixtures thereof, most prefer-
ably N-methylpyrrolidone.

[0117] The process is carried out at a suitable temperature
in the range of 0° C. to the reflux temperature of the solvent
used. Preferably, the temperature is in the range of 80-90° C.

[0118] Alternatively, compound (4) is cyclised in the pres-
ence of base and solvent to obtain compound of formula (5)
directly without isolation of the compound of formula (4a).

®)

[0119] The base used for the direct cyclisation is selected
from inorganic bases as described hereinbefore. The prefer-
able base is potassium tert-butoxide.

[0120] The cyclisation as described in the Scheme 1II is
advantageous as the isolation of compound (4a) minimizes
generation of impurities thereby resulting in compound of
formula (5) with good yield and purity.

0 0 ®
\\S//
\N/

b A\

N
|
zZ

'

[0121] The compound (5) can be isolated by treating with a
solvent such as ether, diisopropyl ether, diethylether, t-butyl
methyl ether, C, , alcohols, water, toluene, xylene, ethyl
acetate, heptane, hexane.

[0122] The compound (5) obtained by the process of the
present invention is further used in synthesis of naratriptan as
shown in Scheme III below.

Scheme III

% N-methyl-4-piperidone

lAldol condensation
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[0123] The compound (5) is further treated with N-methyl- [0129] The source of hydrogen is hydrogen gas. The reduc-

4-piperidone in the presence of a strong base such as KOH,
potassium ter-butoxide or sodium hydride or in the presence
of a trihaloacetic acid such as trifluoroacetic acid or trichlo-
roacetic acid via Aldol condensation to obtain corresponding
condensation product of formula (6). The compound of for-
mula (6) can be optionally isolated.

[0124] The solvent used can be methylated spirit, metha-
nol, ethanol, isopropanol dimethylsulfoxide, N,N-dimethyl-
formamide or N-methylpyrrolidone or mixtures thereof, pref-
erably methanol.

[0125] The condensation is carried out at the reflux tem-
perature of the solvent used.

[0126] Further, compound (6) is reduced either by catalytic
hydrogenation or by organic reduction to obtain naratriptan
which may be optionally converted to its salt.

[0127] The catalytic hydrogention is carried out in the pres-
ence of a catalyst selected from the group consisting of pal-
ladium, palladium hydroxide, palladium on activated carbon,
palladium on alumina, platinum, platinum on activated car-
bon, ruthenium, rhodium and Raney nickel.

[0128] The solvent used for the hydrogenation is selected
from methanol, ethanol, isopropyl alcohol, dioxane, N,N-
dimethylformamide, diethyl ether, diisopropyl ether, t-butyl
methyl ether, tetrahydrofuran, ethyl acetate, methylene chlo-
ride, ethylene chloride or mixtures thereof, preferably metha-
nol.

tion reaction is carried out at a hydrogen gas pressure ranging
from about 25 psi to about 80 psi, preferably from about 55 psi
to about 60 psi.

[0130] Alternatively, the reduction may be carried out by
organic reduction. The organic reduction may be carried out
treating the compound (6) with a trialkyl silane, preferably
triethyl silane.

[0131] Suitably, the solvents used for reduction are non-
polar solvents such as xylene, toluene, N,N-dimethylforma-
mide, N-methylpyrrolidone or mixtures thereof, most prefer-
ably toluene.

[0132] The organic reduction is carried out in the tempera-
ture range of —20° C. to the reflux temperature of the solvent.
[0133] Inanembodiment wherein, Z'is a benzyl group, the
compound of formula (6) is first reduced by organic reduction
in situ to obtain compound (7) which further undergoes cata-
Iytic hydrogenation to obtain naratriptan.

[0134] A skilled person may efficiently use the teachings of
the present invention for synthesis of other triptans, such as
zolmitriptan, sumatriptan, eletriptan, avitriptan and rizatrip-
tan with high yields and purity.

EXAMPLES

[0135] The invention will now be illustrated further in rela-
tion to the following examples without restricting the scope of
the invention in any way.
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Example 1
Preparation of 2-(4-amino-3-iodo-phenyl)-ethane-
sulfonic acid methylamide
[0136]
o 0
N/
~y7
NH,
o 0O
\YJ
~. S 1
I
NH,
[0137] A solution of 2-(4-aminophenyl)ethane sulfonic

acid methylamide (100 g) in dichloromethane (1000 ml) was
prepared and 10% solution of sodium bicarbonate (1000 ml)
was added at 25° C. so as to obtain a biphasic reaction mass.
Iodine crystals were added slowly maintaining the tempera-
ture below 30° C. The mixture was agitated at 25° C. for about
60 minutes and cooled to 10-15° C. The excess of iodine
content in the mixture was neutralized with saturated sodium
metabisulphite solution and subjected to vacuum distillation.
The residue so obtained was agitated with heptane to give the
title compound. (Yield: 150 g, HPLC Purity: 99.9%).

Example 2

Preparation of N-[2-i0do-4-(2-methylsulfamoyl-
ethyl)-phenyl]-acetamide

[0138]
o 0
N7/
\T/S I
NH,
o 0
\\S// 1
\T/
NH
6]
[0139] A solution of 2-(4-amino-3-iodo-phenyl)-ethane-

sulfonic acid methylamide (150 g) in dichloromethane (1500
ml) was prepared. A 50% solution of acetic anhydride in
dichloromethane (600 ml) was added at 25° C. The reaction
mass was stirred for about 90 minutes and layers were sepa-
rated. The organic layer was washed with water, dried and
distilled under vacuum to obtain a residue. The residue was
treated with heptane (1500 ml), filtered and dried under
vacuum at 50-55° C. to obtain the title compound. (Yield: 162
g, HPLC Purity: 99%)
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Example 3
Preparation of N-[2-i0do-4-(2-methylsulfamoyl-
ethyl)-phenyl]-acetamide
[0140]
o 0
\V/
~ I|\I/ S
NH,
A/
H\ /\S/ 1
T \/\@: -
NH,
Not Isolated
(O]
\7/
~ I|\I/ S I
NH
/&O
[0141] To a solution of 2-(4-aminophenyl)ethane sulfonic

acid methylamide (50 g) in dichloromethane (500 ml), a 10%
solution of sodium bicarbonate (500 ml) was added at 25° C.
s0 as to obtain a biphasic reaction mass. lodine crystals were
added slowly maintaining the temperature below 30° C. The
mixture was agitated at 25° C. for about an hour and cooled to
10-15° C. The excess of iodine content in the mixture was
neutralized with saturated sodium metabisulphite solution
and a solution of 2-(4-amino-3-iodo-phenyl)-ethanesulfonic
acid methylamide (75 g) in dichloromethane dichlo-
romethane (750 ml) was added followed by dropwise addi-
tion of 50% solution of acetic anhydride in dichloromethane
(300 ml) maintaining the temperature of 25° C. The reaction
mass was stirred for about 90 minutes and layers were sepa-
rated. The organic layer was washed with water, dried and
distilled under vacuum to obtain a residue. The residue was
stirred in heptane (500 ml), filtered and dried under vacuum at
50-55° C. to obtain the title compound. (Yield: 85 g, HPLC
Purity: 99%)

Example 4

Preparation of 2-(4-benzylamino-3-iodo-phenyl)-
ethanesulfonic acid methylamide

[0142]

o, 0
\V4
~ "

NH,
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-continued
O 0

N/

\N/

[0143] To asolution of 2-(4-amino-3-iodo-phenyl)-ethane-
sulfonic acid methylamide (100 g) in anhydrous methanol
(500 ml), a solution of benzaldehyde (46 g) in methanol (100
ml) was added dropwise maintaining temperature below 30°
C. The reaction mass was stirred for 2-3 hours at 25° C. and
sodium borohydride (12 g) was added over a period of 2 hours
maintaining the temperature below 30° C. The reaction mass
was stirred for about 2 hours at 25° C. Methanol was evapo-
rated from the mixture and water (1000 ml) was added. The
solution was extracted with dichloromethane (2000 ml). The
organic layer was washed with water and distilled under
vacuum to obtain a solid. The solid was treated with isopropyl
alcohol (500 ml), filtered and dried under vacuum at 50-55°
C. to obtain the title compound. (Yield: 116 g, HPL.C Purity:
99%)

Example 5

Preparation of N-[4-(2-methylsulfamoyl-ethyl)-2-
trimethylsilanylethynyl-phenyl]-acetamide

[0144]
o 0O
\Y4
\T/S I
NH
/KO
O\\//O
H S /
Sy s
| \
NH
/&O
[0145] A solution of N-[2-iodo-4-(2-methylsulfamoyl-

ethyl)-phenyl]-acetamide (100 g) in N,N-dimethyl forma-
mide (500 ml) was prepared. To this solution, lithium chloride
(49.8 g) and copper iodide (48.7 g) were added at 25° C. The
reaction mixture was stirred for 30 minutes and Sonogashira
Coupling Catalyst [Tetrakis triphenyl phosphonium Ligand]
(1.2 g) was added. A solution ref trimethyl silyl acetylene in
triethyl amine (49 ml in 90 ml) was added dropwise to the
reaction mass at 25° C. The reaction mass was stirred for 30
minutes and cooled to 10° C. Water (250 ml) was added and
pH of the reaction mass was adjusted to 4-5 with 50% acetic
acid solution so as to obtain a solid. The solid so obtained was
extracted with ethyl acetate, filtered through hyflo bed and
distilled under vacuum to obtain a residue. The residue was
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treated with heptane (500 ml) for 4-5 hours, filtered and dried
at 50-55° C. under vacuum to obtain the title compound.
(Yield: 90 g. HPLC Purity: 95%)

Example 6

Preparation of 2-(4-benzylamino-3-trimethylsilanyl-
ethynyl-phenyl)-ethanesulfonic acid methylamide

[0146]
(O]
\7/
T
NH
o 0
\/ /
SN N s—
| \
NH
[0147] A solution of 2-(4-benzylamino-3-iodo-phenyl)-

ethanesulfonic acid methylamide (100 g) in N,N-dimethyl
formamide (500 ml) was prepared. To this solution, lithium
chloride (56.70 gm) and copper iodide (54.87 g) were added
at 25° C. The reaction mixture was stirred for 30 minutes and
Sonogashira Coupling Catalyst [Tetrakis triphenyl phospho-
nium Ligand] (1.5 g) was added. A solution of trimethy] silyl
acetylene in triethyl amine (56 ml in 105 ml) was added
dropwise to the reaction mass at 25° C. The reaction mass was
stirred for 30 minutes and cooled to 10° C. Water (500 ml) was
added and pH of the reaction mass was adjusted to 4-5 with
50% acetic acid solution so as to obtain a solid. The solid so
obtained was extracted with ethyl acetate, filtered through
hyflo bed and distilled under vacuum to obtain a residue. The
residue was treated with heptane (1000 ml) for 4-5 hours,
filtered and dried at 50-55° C. under vacuum to obtain the title
compound. (Yield: 82 g, HPLC Purity: 97%)

Example 7

Preparation of N-[2-ethynyl-4-(2-methylsulfamoyl-
ethyl)-phenyl]-acetamide

[0148]
O\ /O
H\N/\S/ % Si/— R
| \
NH
(0]
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-continued
o O
N/
~y"

X

NH

PN

[0149] N-[4-(2-methylsulfamoyl-ethyl)-2-trimethylsila-
nylethynyl-phenyl]-acetamide (100 g) was dissolved in etha-
nol (1000 ml) at 25° C. and cooled to 15-20° C. Potassium
hydroxide (20 gm) was added slowly maintaining tempera-
ture below 25° C., stirred for 2-3 hours and cooled to 10-15°
C. pH of the reaction mixture was adjusted to 5 with 10%
dilute HCI and concentrated under vacuum below 40° C. to
obtain a residue. The residue was dissolved in water (250 ml)
and extracted with dichloromethane (2000 ml). The organic
layer was washed with water and concentrated under vacuum
to obtain a residue. The residue was treated with heptane (200
ml) to obtain a solid which was filtered and dried under
vacuum at 50-55° C. for 12 hours. (Yield: 70 g, HPLC Purity:
99%)

O

Example 8

Preparation of 2-(4-benzylamino-3-ethynyl-phenyl)-
ethanesulfonic acid methylamide

[0150]
O O
N/ /
N7 N—s—
| \
NH
o 0O
N/
\T/ %
NH
[0151] 2-(4-benzylamino-3-trimethylsilanylethynyl-phe-

nyl)-ethanesulfonic acid methylamide (100 g) was dissolved
in ethanol (1000 ml) at 25° C. and cooled to 15-20° C. Potas-
sium hydroxide (20 g) was added slowly maintaining tem-
perature below 25° C., stirred for 2-3 hours and cooled to
10-15° C. pH of the reaction mixture was adjusted to 5 with
10% dilute HCl and concentrated under vacuum below 40° C.
to obtain a residue. The residue was dissolved in water (300
ml) and extracted with dichloromethane (2500 ml). The

13
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organic layer was washed with water and concentrated under
vacuum to obtain a residue. The residue was treated with
heptane (400 ml) to obtain a solid which was filtered and dried
under vacuum at 50-55° C. for 12 hours. (Yield: 75 g, HPLC
Purity: 98%)

Example 9
Preparation of 2-(1H-indol-5-yl1)-ethanesulfonic acid
methylamide
[0152]
(O]
Y4
~ I|\I/ % -
NH
/gO
o 0
N/
~ T - \
N
H
[0153] N-[2-ethynyl-4-(2-methylsulfamoyl-ethyl)-phe-

nyl]-acetamide (100 g) was dissolved in N-methylpyrroli-
done (900 ml) at 25° C. Potassium tert-butoxide (60 g) was
added and the reaction mass was heated to 80-85° C. for
120-150 minutes. The reaction mass was cooled gradually to
25° C., water (3000 ml) was added and stirred for 30 minutes.
The solution was extracted with ethyl acetate (2000 ml). The
organic layer was dried over sodium sulfate and distilled
under vacuum to obtain a residue. The residue was treated
with heptane (300 ml) to obtain a solid which was filtered,
washed with heptane and dried at 50-55° C. under vacuum to
obtain the title compound. (Yield: 84 g, HPL.C Purity: 98%)

Example 10

Preparation of 2-(1-benzyl-1H-indol-5-yl)-ethane-
sulfonic acid methylamide

[0154]

o, 0
N/

H\N/ X —
| \/\@f\
NH



US 2012/0220778 Al

-contlnued

H\\//

\N/

[0155] 2-(4-benzylamino-3-ethynyl-phenyl)-ethane-
sulfonic acid methylamide (100 g) was dissolved in N-meth-
ylpyrrolidone (1500 ml) at 25° C. Potassium tert-butoxide (67
g) was added and the reaction mass was heated to 80-85° C.
for 120-150 minutes. The reaction mass was cooled gradually
to 25° C., water (3500 ml) was added and stirred for 30
minutes. The solution was extracted with ethyl acetate (4000
ml). The organic layer was dried over sodium sulfate and
distilled under vacuum to obtain a residue. The residue was
treated with heptane (500 ml) to obtain a solid which was
filtered, washed with heptane and dried at 50-55° C. under
vacuum to obtain the title compound. (Yield: 76 g, HPLC
Purity: 98%)

Example 11

Preparation of 2-(1H-indol-5-yl)-ethanesulfonic acid
methylamide

[0156]

\\//
LN % /

N o] p—

| \

—_—

T A\

N
H

[0157] N-[4-(2-methylsulfamoyl-ethyl)-2-trimethylsila-
nylethynyl-phenyl]-acetamide (100 gm) was dissolved in
N-methylpyrrolidone (900 ml) at 25° C. under inert atmo-
sphere. Potassium tert-butoxide (49 g) was added and heated
to 80-85° C. for 120-150 minutes. The reaction mass was
cooled gradually to 25° C., water (3000 ml) was added and
stirred for 30 minutes. The solution was extracted with ethyl
acetate (2000 ml). The organic layer was dried over sodium
sulfate and vacuum distilled to obtain a residue. The residue
was treated with heptane (300 ml) to obtain a solid. The solid
was filtered, washed with heptane and dried at 50-55° C.
under vacuum to obtain title compound. (Yield: 74 g, HPLC
Purity: 98%)
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Example 12

Preparation of 2-[3-(1-methyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-1H-indol-5-yl1]-ethanesulfonic acid

methylamide
[0158]
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\ A8 \ N_
KOH/Alcohol
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H
[0159] 2-(1H-indol-5-yl)-ethanesulfonic acid methyla-

mide (100 g) was dissolved in methanol (1000 ml) and N-me-
thyl-4-piperidone (200 ml) was added thereto at 25° C. The
reaction mass was stirred for 15 minutes and potassium
hydroxide (300 g) was added at 25° C. The reaction mass was
heated to 60-65° C. for 8 hours and cooled gradually to 25° C.
Water (1500 ml) was added slowly and stirred the mixture till
solid was obtained. The solid was filtered and dried at 50-55°
C. under vacuum to obtain the title compound. (Yield: 80 g,
HPLC Purity: 99%)

Example 13

Preparation of 2-[3-(1-methyl-1,2,3,6-tetrahydro-
pyridin-4-yl)-1H-indol-5-yl1]-ethanesulfonic acid

methylamide
[0160]
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[0161] 2-(1H-indol-5-yl)-ethanesulfonic acid methyla-

mide (100 g) was dissolved in ethanol (1000 ml) and N-me-
thyl-4-piperidone (200 m1) was added thereto at 25° C. and a
solution of trifluoroacetic acid in ethanol (10 ml in 100 ml)
was added over a period of 1 hour. The reaction mass was
refluxed for 18-24 hours and cooled to 40° C. The reaction
mass was concentrated under vacuum to obtain a residue and
water (1500 ml) was added. The mixture was cooled to 10-15°
C. and pH of the reaction mass was adjusted to 8 using 5%
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sodium bicarbonate solution and stirred. The resulting solid
was filtered and dried at 50-55° C. under vacuum to obtain
title compound (Yield: 93 g, HPLC Purity: 99%)

Example 14

Preparation of 2-[1-benzyl-3-(1-methyl-1,2,3,6-tet-
rahydro-pyridin-4-yl)-1H-indol-5-yl]-ethanesulfonic
acid methylamide
~o”

(6] N—
N

| KOH

[0162]

o\\S //o
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/
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Z

[0163] 2-(1-benzyl-1H-indol-5-yl)-ethanesulfonic  acid
methylamide (100 g) was dissolved in methanol (1000 ml)
and N-methyl-4-piperidone (100 ml) was added thereto at 25°
C. The reaction mass was stirred for 15 minutes and potas-
sium hydroxide (200 g) was added at 25° C. The reaction
mass was heated to 60-65° C. for 8 hours and cooled gradu-
ally to 25° C. Water (2500 ml) was added slowly and stirred
the mixture till solid is obtained. The solid was filtered and
dried at 50-55° C. under vacuum to obtain the title compound
(Yield: 98 g, HPLC Purity: 99%).

Example 15

Preparation of 2-[3-(1-methyl-piperidin-4-yl)-1H-
indol-5-yl]-ethanesulfonic acid methylamide
(Naratriptan)

[0164]

{

o 0
\VY4
N

N\
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H2/Pd/C
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-continued /
N,
o 0
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~ T - \
N
H
[0165] A solution of 2-[3-(1-methyl-1,2,3,6-tetrahydro-

pyridin-4-yl)-1H-indol-5-yl]-ethanesulfonic acid methyla-
mide (100 gm) in acetic acid (1500 ml) was prepared and 50%
wet 10% palladium on charcoal (5 g) was added under stifling
at 25° C. in Hydrogenation vessel. The Hydrogenation vessel
was evacuated with vacuum and a hydrogen pressure of 28-42
psi at 25° C. was applied till the hydrogen intake was ceased
to zero. The reaction mass was filtered under inert atmosphere
and the filtrate was subjected to vacuum distillation to obtain
a residue which was dissolved in water (1000 ml). The solu-
tion was washed with ethyl acetate (900 ml) and the layers
were separated. The aqueous layer was cooled to 10° C. and
basified with liq. ammonia till pH 7.5-8.5. The aqueous layer
was extracted with Ethyl Acetate (2000 ml), filtered, distilled
under vacuum till half of its total initial volume and cooled
gradually to 25° C. to obtain a solid. The solid was filtered and
dried at 40-50° C. under vacuum for 12 hours to obtain the
title compound. (Yield: 82 g, HPLC Purity: 99%)

Example 16

Preparation of 2-[3-(1-methyl-piperidin-4-yl)-1H-
indol-5-yl]-ethanesulfonic acid methylamide

(Naratriptan)
[0166]
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[0167] A solution of 2-[3-(1-methyl-1,2,3,6-tetrahydro-

pyridin-4-yl)-1H-indol-5-yl]-ethanesulfonic acid methyla-
mide (100 g) in dichloromethane (1000 ml) was prepared.
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Trifluoroacetic acid (10 ml) was added under stifling at 25° C.
and stirred for 10 minutes. A separately prepared solution of
triethy] silane in dichloromethane (200 mil in 250 ml) was
added over a period of 3-4 hours below 30° C. The reaction
mass was stirred overnight at 25° C. and cooled to 10-15° C.
A 5% aqueous bicarbonate solution was added dropwise. The
organic layer was washed with water and evaporated to afford
a residue. The residue so obtained was triturated in ethyl
acetate (700 ml) to obtain a solid which was filtered and dried
at 40-50° C. for 12 hours under vacuum to obtain the title
compound (Yield: 79 g, HPL.C Purity: 99%).

Example 17

Preparation of 2-[1-benzyl-3-(1-methyl-piperidin-4-
y1)-1H-indol-5-yl]-ethanesulfonic acid methylamide

[0168]
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[0169] A solution of 2-[1-benzyl-3-(1-methyl-1,2,3,6-tet-

rahydro-pyridin-4-y1)-1H-indol-5-yl]-ethanesulfonic ~ acid
methylamide (100 g) in dichloromethane (1000 ml) was pre-
pared followed by addition of trifluoroacetic acid (10 ml)
under stifling at 25° C. The reaction mass was stirred for 10
minutes and a separately prepared solution of triethyl silane in
dichloromethane (200 ml in 250 ml) was added over a period
of 3-4 hours below 30° C. The reaction mass was stirred
overnight at 25° C. and cooled to 10-15° C. A 5% aqueous
bicarbonate solution was added dropwise. The organic layer
was washed with water and evaporated to afford a residue.
The residue so obtained was triturated in ethyl acetate (1000
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ml) to obtain a solid which was filtered and dried at 40-50° C.
for 12 hours under vacuum to obtain the title compound
(Yield: 85 g, HPLC Purity: 99%)

Example 18

Preparation of 2-[3-(1-methyl-piperidin-4-yl)-1H-
indol-5-yl]-ethanesulfonic acid methylamide

(Naratriptan)
[0170]
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[0171] A solution of 2-[1-benzyl-3-(1-methyl-piperidin-4-

y1)-1H-indol-5-yl]-ethanesulfonic acid methylamide (100
gm) in acetic acid (3000 m1) was prepared and 50% wet 10%
palladium on charcoal (5 g) was added under stirring at 25° C.
in Hydrogenation vessel. The Hydrogenation vessel was
evacuated with vacuum and a hydrogen pressure of 14 psi at
25°C. was applied till the hydrogen intake was ceased to zero.
The reaction mass was filtered under inert atmosphere and the
filtrate was subjected to vacuum distillation to obtain a resi-
due which was dissolved in water (3000 ml) The solution was
washed with ethyl acetate (1500 ml) and the layers were
separated. The aqueous layer was cooled to 10° C. and bas-
ified with liq. ammonia till pH 7.5-8.5. The aqueous layer was
extracted with ethyl acetate (3500 ml) and cooled to 10° C.
and basified with liq. ammonia till pH 7.5-8.5. The aqueous
layer was extracted with ethyl acetate (3500 ml), filtered and
vacuum distilled till half of its total initial volume. Cooled
gradually to 25° C. to obtain a solid which was filtered and
dried at 40-50° C. for 12 hours under vacuum to obtain the
title compound. (Yield: 70 g., HPL.C Purity: 98%)
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Example 19
Preparation of 2-[3-(1-methyl-piperidin-4-yl)-1H-
indol-5-yl]-ethanesulfonic acid methylamide

(Naratriptan)

[0172]
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[0173] A solution of 2-[1-benzyl-3-(1-methyl-1,2,3,6-tet-
rahydro-pyridin-4-y1)-1H-indol-5-yl]-ethanesulfonic ~ acid
methylamide (100 gm) in ethanol (3000 ml) was prepared and
50% wet 10% palladium on charcoal (5 g) was added under
stifling at 25° C. followed by slow addition of triethyl silane
(450 ml) over a period of 3-4 hours below 30° C. The reaction
mass was stirred overnight at 25° C. and filtered under inert
atmosphere. The filtrate was subjected to vacuum distillation
s0 as to obtain a residue which was treated with water (2000
ml) and cooled to 10-15° C. The pH of the reaction mass was
adjusted to 1 using 5% dilute hydrochloric acid to obtain a
clear solution. The solution was washed with of ethyl acetate
(500 ml). The aqueous layer was cooled to 10° C. and basified
with liq. ammonia till pH 7.5-8.5. The aqueous layer was
extracted with ethyl acetate (1500 ml), filtered, distilled under
vacuum till half of its total initial volume and cooled gradu-
ally to 25° C. to obtain a solid. The solid was filtered and dried
at 40-50° C. for 12 hours under vacuum to obtain the title
compound. (Yield: 60 g, HPLC Purity: 99%)
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Example 20

Preparation of 2-[3-(1-methyl-piperidin-4-yl)-1H-
indol-5-yl]-ethanesulfonic acid methylamide Hydro-
chloride (Naratriptan Hydrochloride)

[0174]
/\/\Q\g
Q\(j\?
[0175] 2-[3-(1-Methyl-piperidin-4-yl)-1H-indol-5-y1]-

ethanesulfonic acid methylamide (Naratriptan base) (100 g)
was dissolved in methanol (1500 ml) under stifling for 30
minutes to obtain a clear solution. The reaction mass was
cooled to 5-10° C. and 20% aqueous hydrochloric acid was
added till the pH of the reaction mass was adjusted to 1.0. The
temperature of the reaction mass was raised to 25° C. and
filtered. The solid was dried in vacuum chamber at 50-55° C.
to obtain the title compound. (Yield: 90 g, HPLC Purity:
99.69%)

Example 21

Preparation of 2-[3-(1-Methyl-piperidin-4-y1)-1H-
indol-5-yl]-ethanesulfonic acid methylamide Hydro-
chloride (Naratriptan Hydrochloride)

[0176]

’“@f
“@f
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[0177] 2-[3-(1-Methyl-piperidin-4-yl)-1H-indol-5-yl]-
ethanesulfonic acid methylamide i.e. (Naratriptan base) (100
gm) was dissolved in acetone (1000 ml) under stirring for 30
minutes to obtain a clear solution. The reaction mass was
cooled to 5-10° C. and pH of the reaction mass was adjusted
to 1.0 with 20% IPA-HCI solution. The temperature of the
reaction mass was raised to 25° C. and filtered. The solid was
dried in vacuum chamber at 50-55° C. to obtain the title
compound. (Yield: 95 g, HPLC Purity: 99.56%)

[0178] It will be appreciated that the invention may be
modified within the scope of the appended claims.

1. A process for preparing naratriptan comprising: (a)
reacting a compound of formula (3) with a compound of the
formula HCCR

o\\s//o .
\g/ %\R
NH
I
4
3
o O
\\S//
\ﬁ/ % R
Il\IH
4

Q)

wherein Z is a protecting group, Y is a leaving group and R
is a trialkyl silyl group, a trialkylstannyl group or a zinc
(II) halide, to obtain the compound of formula (4); (b)
converting the compound of formula (4) to a compound

of formula (5)
o\\s//o
\g/ % R - >
NH
I
zZ
Q)
O,
Y4
N
N A\
N
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®

wherein 7' is hydrogen or a benzyl group, (¢) converting
the compound of formula (5) to naratriptan; and (d)
optionally converting naratriptan to a salt thereof.
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Naratriptan

2. The process according to claim 1, wherein the compound
HCCR is selected from the group consisting of ethyl (ethynyl)
dimethyl silane, trimethylsilyl acetylene, triethyl (ethynyl)
silane, diethyl(ethynyl)methyl silane, ethyl (ethynyl)dim-
ethyl stannane, diethyl (ethynyl)methyl stannane, (ethynyl)
trimethyl stannane and ethynyl zinc (II) halide.

3. The process according to claim 1, wherein Z is selected
from the group consisting of acetyl, trifluoroactyl, BOC, ben-
zoyl, benzyloxy carbonyl and benzyl.

4. The process according to claim 1, wherein Y is selected
from the group consisting of chloro, bromo, iodo, OTT (tri-
flate) and OTs (tosylate).

5. The process according to claim 1, wherein step (a) is
carried out in the presence of a palladium-phosphine complex
and optionally in the presence of a copper (I) halide and
lithium halide.

6. The process according to claim 5, wherein the Pd-phos-
phine complex is tetrakistriphenylphosphine Pd(0).

7. The process according to claim 1, wherein Z is a pro-
tecting group other than benzyl, 7' is hydrogen and the con-
version of compound (4) to compound (5) comprises depro-
tection of group Z and cyclisation.

8. The process according to claim 7, wherein the deprotec-
tion is carried out using tetrabutylammonium halide or an
acid selected from acetic acid, trifluoroacetic acid, dilute
sulfuric acid, dilute hydrochloric acid and dilute nitric acid.

9. The process according to claim 1, wherein the conver-
sion of compound (4) to compound (5) comprises cyclising
compound (4) in the presence of a base and a solvent.

10. The process according to claim 1, wherein conversion
of'compound (5) to naratriptan comprises reacting compound
(5) with N-methyl-4-piperidone to form a compound of for-
mula (6) and converting compound (6) to naratriptan.
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-continued
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11. The process according to claim 10, wherein Z' is hydro-
gen and the conversion of compound (6) to naratriptan com-
prises catalytic hydrogenation in the presence of a catalyst
selected from the group consisting of palladium, palladium
hydroxide, palladium on activated carbon, palladium on alu-
mina, platinum, platinum on activated carbon, ruthenium,
rhodium and Raney nickel.

12. The process according to claim 10, wherein Z' is hydro-
gen and the conversion of compound (6) to naratriptan com-
prises organic reduction.

13. The process according to claim 12, wherein the organic
reduction is carried out using a trialkyl silane, preferably
triethyl silane.

14. The process according to claim 10, wherein 7' is benzyl
and the conversion of compound (6) to naratriptan comprises
organic reduction.

15. The process according to claim 14, wherein compound
(6) is first reduced by organic reduction in situ to obtain
compound (7) which further undergoes catalytic hydrogena-
tion to obtain naratriptan.
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16. A compound of formula (3)
®

o\\S //o .
~ N7
H
NH
}

wherein Z is selected from the group consisting of acetyl,
trifluoroactyl, BOC, benzoyl, benzyloxy carbonyl and
benzyl, and Y is selected from the group consisting of
chloro, bromo, iodo, OTT (triflate) and OTs (tosylate).
17. The compound according to claim 16, wherein Y is
iodo.

18. A compound of formula (4)
@

o O
\\S//
\g/ % R
NH
)

wherein Z is selected from the group consisting of acetyl,
trifluoroactyl, BOC, benzoyl, benzyloxy carbonyl and
benzyl, and R is selected from the group consisting of
trimethylsilyl, —Sn(Bu); or —ZnBr.
19. The compound according to claim 16, wherein Z is
benzyl.
20. A process for preparing a compound of formula (3)
comprising reacting a compound of formula (2) with an
N-protecting agent corresponding to the protecting group Z.
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21. The process according to claim 20, wherein the N-pro-
tecting agent is selected from the group consisting of acetic
anhydride, trifluoroacetic anhydride, trifluoroacetyl chloride,
BOC-anhydride, benzyloxy carbonyl chloride, benzoyl chlo-
ride and optionally-substituted benzyl chloride.

22-28. (canceled)



